Abstract. The excavation of city subway pit breaking the original balance of the soil, affecting the safety of existed buildings and the surface subsidence of construction are important and direct factors which react to construction impacts. Using the Gray Relational Analysis Theory, through monitoring measured data of factors, building gray correlation analysis among excavation of subway construction surface subsidence, horizontal displacement of pile top, deep displacement, the groundwater level, the support axial force, the anchor cable tension and other factors, get the collective degree of different monitoring program. The results show that, the factors, from maximal to minimum correlation degree, which affect surface subsidence includes horizontal displacement of pile top, anchor cable tension, the groundwater level, deep displacement, strut axial forces. It provides a theoretical basis for law of surface subsidence and similar monitoring program optimization for the future projects.
1.30 ~ 7.30m, elevation is 26.43 ~ 33.26m; stable pore phreatic water depth is 1.20 ~ 6.10m, elevation is 27.71 ~ 31.82m; stable bedrock fissure water depth is 2.20 ~ 5.00m, elevation is 28.31 ~ 32.69 m. Groundwater level changes are mainly affected by climate and river waters. Each year, from April to September is groundwater accumulating period, and the water level will rise significantly; October to next March is groundwater consuming period, and the water level will drop. Changes in the magnitude is generally 5.00 ~ 8.00m.
The size of the pit surface settlement value relates to the geological conditions of excavation, outside support system, precipitation depth, and construction technology. Under the same conditions of pit geological and construction technology, pit surface subsidence relates to the following monitoring items: deep horizontal displacement of supporting pile, horizontal displacements of the pile top, the groundwater level, support axial force, the anchor cable tension. Due to the construction site complex, simultaneous monitoring of the monitoring items fails, leading to different initial observation time for each monitoring items. Therefore, we assume that each observation value occurs at the same observation time, and the previous observed value during the same observation time is the initial observation. Figure 1 shows the relationship between each cumulative value of surface subsidence and horizontal displacements of the pile top, the groundwater level, deep horizontal displacement, and the anchor cable tension. (The horizontal axis represents periods, the vertical axis represents the cumulative value of surface subsidence, mm; cumulative value of pile displacement, mm; the cumulative value of groundwater level, m; cumulative value of deep horizontal displacement, mm; cumulative value of the anchor cable tension, kN) Figure 1 and Figure 2 show that the horizontal displacement of the pile and the surface subsidence are positively correlated, which means as the top of the pile displacement increases, surface subsidence value increases as well. The trending of groundwater level falling and the falling of Surface subsidence are consistent, as the groundwater level falling, soil hydrophobicity consolidates and surface subsides. The support axial force and surface subsidence are negatively correlated, which means support for the role of surface subsidence has slowed. The anchor cable tension and surface subsidence are negatively correlated, which means anchor cable tension slow surface subsidence. 
Analysis of Correlation

Gray Relational Analysis Theory
Correlation indicates that the relative changes between the various factors in system development process. It represents the degree of change, direction, speed and other indicators of relevance. The correlation of sequence A and sequence B is regarded as lager if they have the same relative change during their developing process [9] . Gray relational analysis is a method which can describe and compare dominant factor and underlying factor. Clarify the relationship between systems and factors before the entire system, and then we will have more comprehensive understanding [10] . Gray relational analysis includes the following steps: transform raw data; calculate the correlation coefficient; calculate correlation; sort correlation; lists the correlation matrix. Has m periods, subsequence is
Transform Raw Data. Due to various factors dimensional inconsistencies, such as subsidence in millimeters, the force in kN, the water level in meters, etc.; we must eliminate the dimension of the original series and convert it into a sequence comparison. Transformation happens in the following forms: the mean transformation, initialize transformation, standardization transformation.
Mean transformation: calculating the mean of each sequence, then each raw data is divided by the corresponding average value to obtain mean sequences. Initialize transformation: each raw data is divided by the first number to obtain new multiple sequences. Standard transformation: calculating the mean and standard deviation of each sequence, then all the raw data subtract the average value, after that divide by the standard deviation to obtain standard sequences.
Calculate the Correlation Coefficient. After the data conversion, parent sequence is
is the absolute difference between the two compared sequences when the K time, 
Analysis of the Gray Correlation
Since the initial observation time of each monitoring project is different, set each observation value as the same observation time, and set previous monitoring observation during the same time as the initial observations. Table 1 is the monitoring data.
Tab. 1 Monitoring Data
According to the principle of gray correlation analysis, using the average of the initial treatment, the mean transform results show in Table 2 , the absolute difference between the surface and the other factors show in Table 3 , relations sequence of surface subsidence and other factors show in Table 4 , correlation matrix of each factor sequence and surface subsidence sequence show in Table  5 . From Table3, the max differenceΔmax=6.52193. From correlation matrix, the greatest correlation is surface subsidence and horizontal displacement of pile top, the correlation coefficient is 0.7133; following with deep displacement, the correlation coefficient is 0.5123; next one is the underground water level, the correlation coefficient is 0.4925; the smallest correlation is surface subsidence and strut axial forces, the correlation coefficient is 0.2861. From those data, it is clearly that horizontal displacement of the pile has the greatest impact on surface subsidence, following with deep displacement, and strut axial forces with minimal impact. Therefore, we should focus on relationships among horizontal displacement of pile top, the groundwater level, and the anchor cable tension in the analysis of surface settlement, also need to maximize the accuracy of the instrument.
Conclusion
By analyzing the impact of the relationship between a subway excavation monitoring of surface subsidence and horizontal displacement of pile top, deep displacement, strut axial forces, the anchor cable tension and the groundwater level, combining with gray correlation analysis theory, and using the measured data to analyzing correlation of surface subsidence and horizontal displacement of pile top, deep displacement, strut axial forces and The anchor cable tension, conclude that surface subsidence and horizontal displacement of the pile top have the highest correlation, and strut axial force has the lowest correlation. Accordingly, the method can provide the basis and way for the similar engineering design optimization: when similar geological conditions, should control the horizontal displacement of the pile to reduce surface subsidence, thereby reducing surrounding buildings (structures) hazards that are caused by excavation.
